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INT RO DUCT IO N

Topotecan is a semisynthetic analog of the plant

alkaloid camptothecin. The addition of a basic dimethy-

laminomethyl group on the A- ring of camptothecin gives
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B a c kg ro u n d : Pa t ie nt s w it h t ra n s f o rm e d c h ro n ic m y e lo g e n o u s le u k e m ia (C M L)
a n d a d v a n c e d m y e lo d y s p la s t ic s y n d ro m e ( M DS ) h a v e p o o r p ro g n o s is . T h e a im o f
t h is s t u d y is t o e v a lu at e t h e f e a s ib ility o f s e c o n d c h ro n ic p h a s e in d u c t io n in a c c e l-
e ra te d p h a s e ( C M L-A P) o r b la s t ic c ris is o f CM L(C M L- B C) a n d re m is s io n in d u c t io n
in a d v a n c e d M DS by c o m b in ing t o p o is o m e ra s e I in h ib it o r( t o p o t e c a n ) w it h t o p o i-
s o m e ra s e II in h ib it o r( m it o x a nt ro n e ) .

M e t h o d s : T w e nty -f o u r e v a lu a b le p at ie nt s w e re e nt e re d o n t h is s t u d y w it h a
m e d ia n a g e o f 3 4 y e a rs . E ig h te e n p at ie nt s w it h t ra n s f o rm e d C M L( 7 C M L-A P, 1 1
C M L- B C) a n d 6 p a t ie nt s w it h a d v a n c e d M DS w e re t re a te d . T o p o te c a n w a s a d m in i-
s t e re d a s 1 .5 m g / m 2/ d ay by c o n t in u o u s in f u s io n o v e r 24 h o u rs d a ily f o r 5 d ay s
e v e ry 4 to 8 w e e k s u nt il re m is s io n . T o e n h a n c e t h e t u m o ric id a l e f f e c t s , m ito x a n -
t ro n e ( 1 2 m g / m 2/ d ay , Day s 1 -3 ) w a s a d d e d .

R e s u lt s : E ig h t p at ie n t s (3 3 % ) a c h ie v e d a c o m p le te re m is s io n ( CR) . Fo u r o f 7
p a t ie nt s w it h C M L-A P(5 7 % ) , 2 o f 4 p a t ie nt s w it h C M L- ly m p h o id b la s t ic c ris is
( - LB C) (5 0 % ) a n d 2 o f 6 p at ie n t s w it h a d v a n c e d M DS (3 3 % ) h a d CR la s t ing m o re
t h a n 4 5 d ay s (4 5 t o 4 0 0 d ay s ) . T h e re w a s n o CR in t h e p a t ie nt s w it h C M L- m y e lo id
b la s t ic c ris is ( - M BC) . T h e d o s e le v e l o f 1 . 5 m g / m 2/ d ay ( 7 .5 m g / m 2/ c o u rs e ) o f
t o p o t e c a n w a s w e ll to le ra te d in a ll p at ie n t s . M u c o s it is o c c u rre d in 6 9 % o f p at ie nt s
( s e v e re in 5 % ) a n d d ia rrh e a in 6 7 % (s e v e re in 8 % ) . In a d d it io n , t h e re w e re n o n e w
o r u n e x p e ct e d t o x ic it ie s in t h e p at ie n t s w h o w e re t re at e d a t t h is d o s e ( 7 .5 m g / m 2/
c o u rs e ) . In p at ie nt s w h o re c o v e re d t h e ir n e u t ro p h il c o u nt , t h e a b s o lut e n e ut ro p h il
c o u n t (A N C) re m a in e d b e lo w 5 0 0/ μ L f o r a p e rio d o f 13 to 5 8 d ay s ( m e d ia n 2 1
d ay s ) a n d t h e t im e t o A N C re c o v e ry w a s a s s o c iat e d w it h p re t re at m e nt s e v e rity o f
b o n e m a rro w f ib ro s is ( m a in ly CM L p at ie nt s ) . L ik e w is e , in t h e p at ie nt s w h o re c -
o v e re d u ns up p o rte d p late le t s , t he p late le t s re m a ine d b e low 2 0 , 0 0 0/ μ L f o r a p e rio d o f
0 to 3 7 d ay s ( m e d ia n 19 d ay s ) .

C o n c lu s io n : T h e c o m b in at io n o f to p o t e c a n - m it o x a nt ro n e h a s s h o w n m o d e s t
a ct iv ity in C M L-A P, C M L- LBC a n d a d v a n c e d M DS w it h a c c e p ta b le t o x ic it ie s .
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topotecan enhanced water solubility compared with the

parent compound. This drug is an inhibitor of topoisom-

erase I, an enzyme important in relieving the topologic

strain of supercoiled DNA that occurs, for instance, during
replication1) . Topoisomerase I inhibitors deplete the cellu-

lar levels of active enzyme2 ) , and they are believed to

result in a compensatory increase in topoisomerase II

activity3 ) . Since reduced expression of topoisomerase II is

an important cause of resistance to drugs that interact

with that enzyme, it has been predicted that combining
treatment with topotecan will sensitize cancer cells to

drugs, such as anthracyclines and epipodophyllotoxins ,

that act by stabilizing complexes between topoisomerase

II and DNA3 ,4 ) . Therefore, topotecan combination with

topoisomerase II inhibitors (e .g. anthracyclines and

etopos ide) may produce a DNA double hit , and using
topotecan before topoisomerase II inhibitors could in-

crease topoisomerase II enzyme levels and enhance drug

efficacy, although in vitro studies have been incon-

clusive5 ) . Topoisomerase II makes double strand breaks

allowing the separation of daughter strands following DNA

replication. Several important classes of anti- cancer drugs,
including anthracyclines (such as doxorubicin or mitoxan-

trone) and epipodophyllotoxins (such as etoposide; VP-

16), act by stabilizing the cleavable complexes between

the ends of these DNA breaks and the topoisomerase II

proteins, thereby preventing the religation of the breaks6 ) .

In addition, topotecan could be used in combination with
cytarabine or with hypomethylating agents , because of

the known clinical efficacy of these agents7 ,8 ) , and in vitro

synergism of such combinations9 ) .

Phase I studies of topotecan in patients with solid

tumors demonstrated that myelosuppression was the

dose- limiting toxicity, and extramedullary toxicity was
minimal10 - 13 ) . Subsequent phase I studies of topotecan as

a 5- day continuous infus ion in patients with acute leuke-

mia showed that significant dose escalation above that

tolerated by patients with solid tumors was possible 14 , 15 ) .

Since preliminary phase I studies of topotecan as a single

agent demonstrated significant antileukemic activity,
further evaluation of topotecan in combination with other

antileukemic agents is warranted.

Clinical evaluations of topotecan- based combination

chemotherapy regimens published to date have included

topotecan combined with alkylating agents , platinum com-

pounds , antimicrotubule agents , antimetabolites , anthra-

cyclines, and epipodophyllotoxin, topoisomerase II- targeting

agents . These agents have different mechanisms of ac-

tion16 ) and demonstrated varying degrees of synergy

when combined with topotecan in preclinical studies 17 . To

the extent that toxicities have been additive or overlap-

ping, dose adjustments have been necessary in these

combination tria ls .

For patients with transformed chronic myelogenous

leukemia (- accelerated phase, CML- AP; - blastic cris is ,

CML- BC), prognos is with conventional chemotherapy is

poor. Patients with unfavorable prognostic features in

MDS also have a median s urvival time of 3 to 6 months.

The most important prognostic factors in those patients

are duration of first remission, and achievement of subse-

quent complete remission (CR) prior to bone marrow

transplantation(BMT), if an HLA- matched donor is avail-

able . We conducted in a clinical tria l for patients with

CML-AP or - BC and advanced MDS, treated with 5-

days infusion of topotecan, a camptothecin analogue,

combined with topoisomerase II inhibitior.

We report our single institutional preliminary results of

the first 24 patients .

MAT ERIA LS A ND METHO DS

Study group

Patients with a diagnosis of CML-AP or - BC and

advanced MDS, referred to our institution between March

1998 and December 1998, were entered in the study

(Table 1). Entry criteria were as follows: (1) age older

than 15 years; (2) diagnosis of CML-AP or - BC,

advanced MDS (RAEB, RAEB-T), or CMML, and (3)
good performance status (ECOG; Eastern Cooperative

Oncology Group≤2), normal hepatic (bilirubin level≤ 1.5

mg/dL) and renal (creatinine≤1.5 mg/dL) function. Pa-

tients with CML-AP were required to have the following:

an increase in blast cells (> 15%) or basophils (>20%) in

the blood or bone marrow, thrombocytopenia (<100,000/
μL), severe anemia(hemoglobin[Hb] < 7 g/dL); docum-

ented extramedullary leukemia, or development of clonal

evolution (new chromosomal changes in addition to the

Ph1 chromosome). The presence of > 30% blasts in the

bone marrow or peripheral blood was defined as blastic

cris is(BC). BC was divided into two s ubgroups, lymphoid
(CML- LBC) or myeloid blastic cris is(CML- MBC), based

on morphologic finding and immunophenotyping. Patients

with CMML were required to have an absolute monocyte

count greater than 1 x 103/μL, in addtion to ≥8%

monocytes in the blood or marrow18 ) .

The pretreatment work- up included a history and
physical examination, complete blood cell counts with
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Table 1. Patie nts ' c ha racte ris tics

Age(years)
Sex

Diagnosis

Total

Male
Female
CML- AP
CML- BC

MDS

- MBC
- LBC
RAEB
RAEB- T
CMML

19-70 (median, 34)
14
10
7
7
4
3
1
2
24

Abbreviations: CML; chronic myelogenous leukemia, AP;
accelerated phase, BC; blastic crisis , MBC; myeloid blastic
cris is , LBC; lymphoid blastic cris is , MDS; myelodysplastic
syndrome, RAEB; refractory anemia with excess blast,
RAEB-T; refractory anemia with excess blast in transfo-
rmation, CMML; chronic myelomonocytic leukemia

differential, serum chemistries and bone marrow studies,

including cytogenetic analysis with at least 25 meta-

phases, when available . During remission induction, blood

counts were repeated daily and serum chemistries one to

two times weekly. Marrow aspirations were performed at

admission before the next scheduled chemotherapy.

Other studies were performed as indicated by the

patient's clinical status .

The ra pe utic protocol

Patients received topotecan 1.5 mg/m2 by continuous

intravenous infus ion daily for 5 days (7.5 mg/m2/course).

To enhance the tumoricidal effects by combining topo-

tecan, mitoxantrone(12 mg/m2/day, Day1- 3) was added.

The courses were repeated every 4 to 8 weeks based on

the following: (1) evidence of persistent disease on

peripheral blood finding or on marrow studies, and (2)

resolution of side effects . Induction therapy was to be

discontinued if grade 3 to 4 toxicity occurred in the first

course without CR, or if a response was not seen after a

second course. In patients whose disease responded, two

additional courses were continued every 4 to 6 weeks as

maintenance course. The dose was reduced by 25% for

grade 2 toxicity and by 50% for grade 3 to 4 toxicity.

Res ponse a nd toxicity crite ria .

Criteria for CR was identical to those used in acute

leukemia 14 ) . CR was defined as normalization of the

marrow and peripheral blood with ≤5% marrow blasts , a

granulocyte count greater than 103/μL, a platelet count

greater than 100 x 103/μL and normal differential, with

the response lasting for at least 4 weeks. Response in

CMML also required a reduction of the absolute mono-

cyte count to less than 1.0 x 103/μL and to less than 4%

in the blood and marrow.

Toxicity was graded according to the criteria of the

National Cancer Institute 19 ) . Remission duration was cal-

culated from time of response achievement to docu-

mentation of disease recurrence.

RES ULTS

Study group

24 patients were treated, including 18 with CML(-AP,

n=7 ; - LBC, n=4, - MBC, n=7) and 6 with advanced MDS

(CMML, n=2; RAEB, n=3; RAEB- T, n=1). Patient charac-

teristics are listed in Table 1. The median age was 34

years (range, 19 to 70); 10 patients were women.

Res ponse to the ra py a nd outcome

Eight out of 24 evaluable patients achieved CR (33%)

(Table 2). No patients died early within 2 weeks. CR was

observed in six patients (33%) out of 18 CML, including

four of 7 CML-AP (57%), 2 of 4 CML- LBC (50%) and none

of 7 CML- MBC patients . In advanced MDS, 2 of 6 patients

achieved CR (33%). The number of courses given to

patients on study was one to three (total 39 courses). The

median follow- up duration was 13 months (range 7 to 16.5

Table 2 . Re s pons e s

Diseases Patients No. CR No.(%)

CML

MDS

Total

- AP
- MBC
- LBC

- RAEB
- RAEB-T
- CMML

18
7
7
4
6
3
1
2
24

6(33%)
4(57%)

0
2(50%)
2(33%)
1(33%)

0
1(50%)
8(33%)

Abbreviations, CR; complete remission, CML; chronic
myelogenous leukemia, AP; accelerated phase, MBC;
myeloid blastic cris is , LBC; lymphoid blastic cris is , MDS;
myelodysplastic syndrome, RAEB; refractory anemia with
excess blast, RAEB-T; refractory anemia with excess
blast in transformation, CMML; chronic myelomonocytic
leukemia
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months) and the CR duration was more than 45 days (45

to 400 days, median 120 days). Four of 6 CML CR

patients who had HLA- matched donor received stem cell

transplantation (3 HLA- matched unrelated BMT, 1

HLA- matched sibling BMT). Additionally, one patient with

CML-AP did not achieve CR with topotecan and

mitoxantrone, but achieved CR by following interferon

treatment and received unrelated BMT.

S ide effects

Since many patients had marrow compromise at the

start of therapy, we investigated the hematologic profile

recovery among responders. The median time to reco-

very of granulocyte to greater than 0.5 x 103/μL was 21

days(range, 13 to 58). The median time to recovery of

platelet to greater than 20 x 103/μL was 19 days(range,

0 to 37). The hematopoietic recovery time was associated

with severity of bone marrow fibrosis before treatment in

CML patients . In the presence of myelofibrosis in 7 CML

patients(1 CML-AP, 3 CML- MBC, 2 CML- LBC), the

median time to recovery of ANC more than 0.5 x 103/μL

was 35 days(16 - 58 days) and platelet more than 20 x

103/μL was 31 days(27-37 days). No life- threatening

bleeding was observed in any patient. Death attributed to

myelos uppression- associated complication did not occur.

Nonhematologic toxicities were mucositis 69%, which

was severe(grade 3 to 4) in 5%, and diarrhea(67%;

severe 8%). Nausea and vomiting was reported in 37%,

but was severe in only 3%(Table 3). No other serious

side effects occurred.

DIS C US S IO N

The results of this study demonstrate modest activity

of topotecan in a 5- day schedule topoisomerase II

inhibitor in patients with CML (-AP, - LBC), and

advanced MDS(57% in CML-AP, 50% in CML- LBC, and

33% in advanced MDS). Of all evaluable patients ,

topotecan- combining chemotherapy (combined with

mitoxantrone) produced a 33% response rate . In addition

to the 8 patients who had CR, one patient with CML- AP

achieved no definitive CR but interferon maintenance

therapy allowed CML- CP transformation until HLA-

matched unrelated BMT was performed. No CRs were

observed in CML- MBC. Topotecan was well tolerated

and safely administered. In addition, there were no new

or unexpected toxicities in the patients who were treated

Table 3 . S ide effe cts of the rapy in 24 patie nts (tota l
39 cyc le s )

Grade 1(%) Grade 2(%) Grade 3(%) Grade 4(%)

Mucositis
Diarrhea
N/V
Neurotoxicity

15(38)
14(36)
5(13)
0

10(26)
9(23)
8(21)

0

2(5)
3(8)
1(3)
0

0
0
0
0

Fever* 7(18)

Abbreviations: N/V; nausea/vomiting, *unexplained fever

at a dose of 7.5 mg/m2/course. This is particularly

s ignificant because CR was observed among patients

with advanced hematologic diseases, such as transfor-

med CML and advanced MDS, and topotecan has a

completely different mechanism of action from agents

known to be active in myeloid malignancies (topoiso-

merase II reactive agents). Treatment of patients with the

above diseases with conventional chemotherapies has

rarely produced normalization of all blood counts or

increased survival. Although BMT results in long term-

leukemia- free survival in some patients , the most impor-

tant prognos itc factor influencing the outcome after BMT

is whether CR can be achieved prior to BMT.

In this study, the efficacy of topotecan- combining

treatment for patients with transformed CML, advanced

MDS and CMML was evaluated. Topotecan combined

with topoisomerase II inhibitor, mitoxantrone, had effecti-

veness for CML- AP or - LBC and advanced MDS. After

achieving CR in transformed CML patients , 4 of 6

patients received BMT from matched unrelated donors

and are now well.

CO NCLUS IO N

Topotecan with topoisomerase II inhibitor has shown

modest activity in CML-AP or - LBC and advanced MDS

with acceptable toxicity. To encourage synergism on the

bases of topoisomerase pharmacokinetics , future studies

will investigate topotecan- mitoxantrone (topoisomerase I

and II inhibitors) sequential and dose escalation treatment

for relapsed or refractory acute leukemia and CML- MBC.

REF ERENCES

1. Liu LF. DNA topoisomerase poisons as antitumor drugs.
Ann Rev Biochem 58:351-375, 1989

2. Beidler DR, Cheng Y- C. Camptothecin induction of a time-
and concentration-dependent decrease of topoisomeras

125



S.J. Park, D.W. Kim, H.J. Kim, H.S. Eom, C.K. Min, J.W. Lee, W.S. Min, C.C. Kim

e I and its implication in camptothecin activity. Mol Pharmc
ol 47:907-914, 1995

3. Pa ntazis P. Preclinical s tudies of water- insoluble campt-
othecin congeners: Cytotoxicity, development of resistance,
and combination treatment. Clin Cancer Res 1:1235- 1244,
1995

4. Anzai H, Frost P, Abbruzzesse J L. Synergistic cy totoxicity
with combined inhibition of topoisom erase (Topo) I and II.
Proc AACR(Abst).33:431, 1992

5. Beran M, Kantarjian H, O'Brien S, Koller C, Al- Bitar M,
Arbuck S, Pierce S, Moore M, Abbruzzese J L, Andreeff
M, Keating M, Estey E. Top otecan, a top ois om eras e
I inhibitor, is active in the treatm ent of my elody splastic
syndrome and chronic myelomonocy tic leukemia. Blood.
88:2473-2479, 1996

6. Smith PJ , Soues S. Multilevel therap eutic targeting by
topoisomearse inhibitors. [Revie w]. Br J Cancer 23(Suppl):
S47-S51, 1994

7. Cheson BD, J aspe rse DM, Simon R, Friedma n MA. A
critical appraisal of low- dose cytosine arabinoside in pati-
ents with acute non-lymphocy tic leukemia and myelodysp -
lastic syndromes. J Clin Oncol 4:1857- 1864, 1986

8. Pinto A, Zagonel V. 5-Az a-2 '- deoxycy tidine (decitabine)
and 5-az acy tidine in the treatment of acute myeloid leuk-
emias and myelodysplastic syndromes : Past, present and
future trends. [Revie w] Leukemia 7:51-60, 1993

9. Anzai H, Frost P, Abbrussese J L. Synergistic cytotoxicity
with 2 '- deoxy -5-az acy tidine and topotecan in vitro and in
vivo. Cancer Res 52:2 180-2 185, 1992

10. Rowinsky EK, Grochow LB, Hendricks CB, Ettinger DS,
Forastiere AA, Hurowitz LA, McGuire WP, Sartorius SE,
Lubejko BG, Kaufmann SH. Phase I and pharmacologic

study of topotecan: A novel topoisomerase I inhibitor. J Clin

Oncol 10:647-656, 1992
11. Wall JG, Burris HA, von Hoff DD, Rodriguez G, Kneuper-

Hall R, Shaffer D, O'Rourke T, Brown T, Weiss G, Clark
G. A phas e I clinical and pharm acokinetic s tudy of the
topoisom erase I inhibitor topotecan(SK & F 104864) given

as an intravenous bolus every 2 1 days. Anticancer Drugs
3:337-346, 1992

12. Saltz L, Sirott M, Young C, Tong W, Niedzwiecki D, Tzy-
jyun Y, Tao Y, Trocha nows ki B, Wright P, Ba rbosa K.
Phase I clinical and pharmacology study of topotecan given
daily for 5 consecutive days to patients with advanced solid
tumors, with attempt at dose intensification using recombi-
nant granulocy te colony - stim ulating factor. J Natl Cancer

Inst 85:1499- 1507, 1993
13. Burris HA, Awada A, Kuhn JG, Ecka rdt J R, Cobb PW,

Rinaldi DA, Fields S, Smith L, Von Hoff DD. Phase I and
pharmaco - kinetic studies of topotecan administered as a
72 or 120 hour continuous infusion. Anticancer Drugs 5:
394-402, 1994

14. Kantarjian HM, Beran M, Ellis A, Zwelling L, O'Brien S,
Caze nave L, Koller C, Rios MB, Plunkett W, Keating
MJ . Phase I study of topotecan, a ne w topoisomerase I
inhibitor, in patients with refractory or relapsed acute leuk-
emia. Blood 8 1:1146- 115 1, 1993

15. Rowinsky EK, Adjei A, Donehower RC, Gore SD, Jones
RJ , Burke PJ , Cheng YC, Grochow LB, Kaufmann SH.
Phase I and pharmacodynamic study of the topois omer-
ase I - inhibitor topotecan in patients with refractory acute
leukemia. J Clin Oncol 12:2 193-2203, 1994

16. Chabner BA, Longo DL. Cancer chem otherapy and bioth-
erapy : Principle and Practice. Philadelphia, PA, Lippincott
Raven. 1996

17. Ka ufmann SH, Pee reboom D, Buckwa lte r CA. Cy totoxic
effects of topotecan combined with various anticancer ag-
ents in hum an cancer cell lines. J Natl Cancer Inst 88:
734-74 1, 1996

18. Ka ntarjian HM, Keating MJ , Walters RS, McCredie KB,
S mith TL, Ta lpaz M, Be ra n M, Cork A, Trujillo J M,
Fre ire ich EJ. Clinical and prognostic features of Philadel-
phia chromosome-negative chronic myelogenous leukemia.
Cancer 58:2023-2030, 1986

19. Nationa l Ca nce r Institute . Guidelines for R ep orting of
Adverse Drug Reaction. Bethesda, MD, Division of Cancer
Institute 1998

126


